We have found decreased serum alanine aminotransferase (ALT) and gammaglutamyltransferase (GGT) levels in human males exposed to toluene at low levels, suggesting that toluene exposure or related factors in lifestyles were likely to have lowering effects on serum ALT and GGT activities between toluene-exposed and the control subjects. The present study was attempted to investigate whether there is any difference in nutrient intakes between the two groups. Biochemical results were also analysed together with nutrient intakes. In agreement with our previous reports, the present data also provided significant evidence of lowered serum ALT and GGT activities in toluene-exposed males after age matching (p<0.05). Energy intakes from carbohydrate, fat and protein were 64.6%, 22.5% and 12.9% in the toluene-exposed group and 62.0% (p<0.05), 24.8% (p<0.05) and 13.2 %, respectively, in the controls. Multiple regression analysis indicated that carbohydrate, protein and energy intakes are significantly associated with toluene exposure. No significant differences in alcohol consumption, tobacco use, work intensities and physical activities were found between the two groups. The present results suggest that the toluene exposure at levels generally considered to be safe, probably have some biological effects on the liver and related organs.
Introduction
Toluene, one of the most commonly used organic solvents in paint, printing, rubber and chemical industries, has been suggested to have no directly causative association with liver injury', although there are some reports indicating that slight hepatotoxic effects of toluene may exist and even fatty liver and fulminant cases have been reported2_4~. Our previous study5~ found decreased serum levels of alanine aminotransferase (ALT) and gamma-glutamyltransferase (GGT) in males exposed to toluene at levels below Threshold *To whom correspondence should be addressed.
Limit Values (TLV), suggesting that low levels of toluene exposure or related factors in life-styles were likely to have lowering effects on serum ALT and GGT levels between toluene-exposed and the control subjects. It has been reported that poor appetite and dysgeusia are common symptoms among the toluene-exposed workers6~. A reduced hepatic fat deposition in association with loss of appetite and body weight caused by toluene exposure was hypothetically considered as one of the explanations for the decreased serum levels of ALT and GGT. Therefore further investigations on nutritional status and life-style factors of the tolueneexposed workers seemed to be needed. So far we have not found any epidemiological studies on the intercorrelations of life-style factors, serum transferase levels and low-level toluene exposure in a comparable data set, therefore, we have conducted the present study to see whether there is any difference in nutrient intakes and nutritional status between the toluene-exposed and the control subjects.
Subjects and Methods
The solvent-exposed group was composed of 148 subjects from 2 local chemical factories (138 males and 10 females). They have been predominantly exposed to toluene daily for 3-30 years at levels below the previous Occupational Exposure Limits of the Japan Society for Occupational Health (100 ppm for toluene until 1994). The mean hippuric acid concentration in urine of the toluene-exposed group was 0.99 g/g creatinine (range: 0.70-1.76). Seventy-five subjects (63 males and 12 females) in the same factories and other companies, who had never been occupationally exposed to organic solvents, served as a control group. In conformity with the Recommendations from the Helsinki Declaration, and for better understanding the purpose of our study and how the finding would benefit the subjects, a descriptive informed consent was handed out to the employees together with a three-day (2 consecutive weekdays and one weekend day) dietary record and a questionnair including the subjects' physical activity, work intensity, alcohol consumption, smoking habits. Detailed explanations for how to fill the dietary record were given by physicians, chief nurses or management personnels of the factories. All workers exposed to toluene were encouraged to participate in our study. Clinical and laboratory data, including age, weight, height, serum aspartate aminotransferase (AST), ALT, GGT, total cholesterol (T CHO), triglycerides (TG) and higy density lipoprotein cholesterol (HDL), were obtained from local
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Center between June, 1995 and November, 1996. Unfortunately, not all the subjects had liver function tests done during the study period because the routine health maintenance examination program in Japan is generally offered to employees aged 40 and over, except where employers would like to offer routine health checkup to their employees or the employees asked to have their liver function tests done.
Data were presented as means ± SD. A statistical comparision between the different groups was undertaken by the nonparametric method of Mann-Whitney U-test. Multiple linear regression analysis by backward elimination of stepwise methods was also used to study how nutrient intakes were influenced by exposure to solvents, age, gender, work intensity, etc., The computations were performed with a Macintosh version SPSS 6.1 statistical program package (SPSS Inc. Illinois, USA).
Results
Results of liver function tests and related parameters in toluene-exposed and control subjects are presented in Table  1 . Mean age (p<0.05) and value of serum ALT (p<0.05) were lower in toluene-exposed males than the controls, and the mean age and BMI were significantly higher in toluene-exposed females than the controls. Since age was considered to be possible confounder of the differences in the biochemical variables between the two groups, agematching was carried out one by one within 5-year difference between toluene-exposed and control groups ( Table 2 ). The mean ages were not significantly different bewteen the two groups after age matching although the number of subjects was reduced. In males, values of serum ALT, GGT became significantly lower (p<0.05) and TG Table 1 . Liver function tests and related parameters in toluene-exposed and control subjects became higher (p<0.06) in the toluene-exposed group than those in the control group. In females, no significant difference had been found between the two groups. Table  3 gives the data of nutrient intakes. In males, the intakes of energy, carbohydrate, protein, fat, calcium, vitamin A and riboflvin were significantly higher in toluene-exposed group than the controls. In females, the intakes of energy, carbohydrate, protein, calcium, vitamin A, thiamin, riboflavin and vitamin C were also higher in tolueneexposed group but only the higher vitamin C intake was significant. Energy intakes from carbohydrate, fat and protein were 64.6%, 22.5% and 12.9% in the tolueneexposed group and 62.0% (p<0.05), 24.8% (p<0.05) and 13.2%, respectively, in the controls. The data of nutrient intakes among subjects after age-matching are illustrated in Table 4 , in which the intakes of energy, carbohydrate, fiber, calcium and riboflavin were significantly higher in toluene-exposed males than the controls, and significant differences in nutrient intakes were not found in females between the two groups. In terms of alcohol consumption and tobacco use, no significant differences were found between the toluene-exposed and the control groups in both males and females. We had not found any significant difference in their work intensities and physical activities between the two groups (data not given). Multiple linear regression analysis (Table 5 ) indicated that carbohydrate, protein and energy intakes are significantly associated with toluene exposure when all the other independent variables are taken into account. Table 2 . Liver function tests and related parameters after age-matching in toluene-exposed and control subjects In agreement with our previous report, the present data also provide evidence of lower serum ALT and GGT levels in male workers exposed to toluene, which is as well compatible with the results of Boewer et all.
Poor appetite and dysgeusia are known to be common symptoms among the toluene-exposed workers6~. However, our study demonstrated that toluene-exposed subjects took more energy, carbohydrate, fat, protein and other nutrients than the controls, and the energy intakes of toluene-exposed subjects were more from carbohydrate and less from fat as compared with the controls. Imaki et al. '' 8) found that the subjects who took higher carbohydrate diets had a reduced serum ALT level. In animal experiment9~, a diet rich in carbohydrates protected rats from CCl4 induced liver injury. These findings seem to suggest that nutrients, especially carbohydrate, appear to reduce serum ALT level either by its direct metabolic effect or by alleviating the toxicity of organic solvents to the livers.
In multiple regression analysis of our results, toluene exposure is significantly associated with energy, carbohydrate and protein intakes. This could be interpreted as indicating that the chronically toluene-exposed subjects need to take higher dietary energy from carbohydrate and protein to protect their livers from the solvent-induced hepatotoxicity.
Alterations of serum transaminase activity are generally considered as reflecting hepatocyte damages, particularly when its level is increased10' "~ However, interpretation of lowered serum ALT and GGT levels are not paid much attention like elevated ALT and GGT levels. Miyake12~ suggested that ALT activity in hepatocytes decreases as the liver damage progresses from chronic liver injury to cirrhosis, and this is reflected in serum as increased AST/ALT ratios Table 4 . Selected nutrient intakes in toluene-exposed and control subjects after age-matching in cirrhosis. Accordingly, low ALT activity in serum may reflect low ALT activity in hepatocytes whatever the causes are. Particularly in case of toluene exposure, no leakage of ALT from hepatocyte to circulating blood has been reported, therefore, low hepatocyte level of ALT would likely be reflected as low serum level of ALT. As other causes of low hepatic ALT activity, chronic renal failure has been reported13~, and it is found that an inhibitor of transaminase activity may accumulate in renal failure vitro14~. Such a possibility should be substantiated in future studies.
A concern of daily work intensity and BMI as confounders of serum ALT and GUT differences between toluene-exposed and control groups had been ruled out because we had not found any significant differences in their work intensities and physical activities between the two groups, and mean BMI levels did not show any significant difference between the toluene-exposed and control subjects after age matching. This seems to raise a question why the toluene-exposed subjects have higher intakes of energy but equivalence of BMI to the controls. So far no literature is available as to the increased basal metabolism in workers exposed to toluene chronically.
Our present results and the results from Yamano et al.'S~ as well demonstrated higher TG values in toluene-exposed workers in comparison with the controls. It is not clear why TG values were higher in toluene-exposed subjects. High dietary carbohydrate and low fat intakes might have led to increase of endogenous lipogenesis. However, alternatively, it should not be ruled out that TG breakdown by the peripheral tissue is impaired as it might be influenced by the tolueneinduced endothelial cell damage3~.
Since the average age of our subjects was around 40, their energy intakes might be somewhat low in our results. However, a recording bias, a hardly avoidable problem in nutritional survey, could not be ruled out, which possibly resulted in low energy intakes of the subjects.
The present results demonstrated increased value of TG in toluene-exposed males and decreased serum ALT and GGT levels in toluene-exposed females compared with the controls, which were opposite to our previous results. The alteration might be due to relatively small numbers of age-matched subjects in the present study compared with the previous one.
In spite of limited amount of data, it should, however, be noted that the reduced serum ALT and GGT levels and higher carbohydrate and lower fat dietary energy consumption in toluene-exposed workers demonstrated in the present study DH WANG et al. could be a sign that the toluene exposure at levels generally considered to be safe probably have some biological effects on the liver and related organs. Long-term effect of the low-level toluene exposure remains to be solved in future studies.
